The anatomy of assessment of manufacturing design engineering academic program was evaluated in this paper. This paper summarizes not only the annual assessments that were undertaken to assess this program but also provides a comprehensive review of the assessment process that was developed and adopted in our institution to evaluate the manufacturing design program. Details regarding how to develop a curriculum map, a multiyear assessment plan as well as direct and indirect measures for assessment are illustrated. A list of do's and don'ts are provided based on the information that was obtained from the assessment.
INTRODUCTION
In today's competitive environment, employers are placing a high value on graduates that have demonstrated relevant skills and knowledge in any discipline. To establish that the graduates have learned the required knowledge and acquired the required skills, instructors turn to annual and long-term assessment processes. These assessment requirements may vary with each institution. However, there are certain assessment processes that these institutions are required to adopt by accrediting bodies such as ABET.
In general, most institutions will follow standard assessment processes, but they may adopt some unique methodologies to assess the manufacturing design program so as to Page 26.218.2 keep in step with the constant changes that take place to satisfy current and future needs.
To be an effective professional, the curriculum should focus on institutional and program learning outcomes such as developing good critical and analytical thinking skills, excellent written, and oratorical skills, and those team skills that are necessary to interact effectively as a member of a team within organizations or communities. These skills should be evaluated throughout the length of the program through assignments, tests, and capstone projects. This paper provides a comprehensive review of the assessment process developed and adopted in our institution to evaluate the manufacturing design
program. It provides details regarding how a curriculum map and a multiyear assessment plan should be developed and what direct and indirect measures should be adopted for assessment. A recently completed five-year assessment data will be used to illustrate the effectiveness of assessment. A list of do's and don'ts are provided based on the assessment outcome.
Description of National University and Its Student Body
Founded in 1971, National University (NU) is an independent, nonprofit institution of higher education 1 . Since its establishment, the university has dedicated itself to providing educational opportunities to a diverse population of working, adult learners. With more than 24,000 full-time students, National University is the second largest private, non-profit California institution of higher education, with a 44-year history of educating traditionally underserved populations. National University students earn their degrees in a unique one-month format and attend classes at night, so they can continue to move forward in the workplace. The programs are accelerated so that the studies are completed at a more intense and faster pace than they would be at a traditional Page 26.218.3 university. Each course has 45 hours of class-room contact. Students are allowed to take only one course at a time.
Background of the Program
Manufacturing Design Engineering is a very broad program encompassing many disciplines including mechanical engineering, electrical engineering, production engineering, and industrial engineering. The development of an effective academic program in this unique field was difficult because of the need to include a wide range of knowledge that would span the profession and attract a wide audience nationwide. In other words, for the program to be relevant, it had to incorporate a wide array of courses in engineering, technology, and manufacturing. A well-developed curriculum for this program would not only have to identify the common fundamentals and practices that define the theory and effective practice of engineering, technology, and science, but also communicate these principles in an academic forum. 
Program Requirements
The Bachelor of Science in Manufacturing Design Engineering 2 requires students to complete at least 180 quarter units, 76.5 of which must be completed at the upperdivision level, 45 of which must be taken in residence, including the research project classes, and a minimum of 70.5 units of the University General Education requirements.
Preparation for the Major (11 courses: 45.5 quarter units)
The candidates for the program must take the following courses as part of their preparation for the major: These courses are designed to provide the students with a strong foundation in math, engineering, and applied science. In addition, students are introduced to the theory and applications of probability and statistics, CAD/CAM, graphics, statics and strength of materials.
Requirements for the Major (18 courses: 81 quarter units)
The following are the required courses for the major. Each course may have a prerequisite, so the students are advised to take the class in a sequential manner. Each student has an advisor who helps enroll the student in classes. If an issue related to enrollment arises, then the lead faculty is contacted for advice. The tasks that are to be accomplished along with the sample skill levels required to carry out the task are listed in Table 1 . These skills are developed throughout our program. In addition, soft skills that include oral skills, speaking, and decision-making are also an integral part of our institutional learning outcomes.
Task Skill Used in this Task
Plan and establish sequence of operations to fabricate and assemble parts or products and to promote efficient Engineering and Technology Page 26.218.8 utilization.
Review production schedules, engineering specifications, orders, and related information to obtain knowledge of manufacturing methods, procedures, and activities.
Production and Processing
Estimate production cost and effect of product design changes for management review, action, and control.
Judgment and Decision Making
Draft and design layout of equipment, materials, and workspace to illustrate maximum efficiency using drafting tools and computer.
Design
Communicate with management and user personnel to develop production and design standards.
Oral Expression
Recommend methods for improving utilization of personnel, material, and utilities. Critical Thinking
Confer with vendors, staff, and management personnel regarding purchases, procedures, product specifications, manufacturing capabilities, and project status.
Speaking
Apply statistical methods and perform mathematical calculations to determine manufacturing processes, staff requirements, and production standards. corporate sponsors, who are frequently employers of the students or corporations looking for answers to a problem. This problem is often communicated to the students through the lead faculty. As a result, students get the opportunity to deal with real problems of significant issue to the sponsor, and they, typically, involve engineering, technology, science, and design related issues. Interdisciplinary teams of two to three students are assigned to each project. These teams work with faculty members and representatives of the sponsors to develop detailed, implementable solutions. At the end of the course, student teams make presentations of their project to the sponsoring company. Student teams, typically, travel to the sponsor's location to learn about the problem and meet the company representatives with whom they work.
Typical learning outcomes for a culminating project experience include students demonstrating the capability to accomplish the following:
 Evaluate critically a given project's feasibility and define a specific problem or study, The instructional and lead faculty members often participate in the evaluation of the students during the phase of the project to ensure the currency of the courses. The infrastructure and associated assistance are built in so that students and faculty members can avail them when required. Instructors conduct the project class and are often in charge of the capstone process including student progress. Project supervisors, who are also faculty members, advise students on their projects. However, in some instances, the capstone instructors and project supervisors could be the same.
Program Assessment Review (PAR)
Each year, this program was assessed using an established program assessment review (PAR) process. The process included review of student learning using a variety of evaluation methods including assignments, tests, and projects. The process started with an establishment of a curriculum map, which integrated the program's learning outcomes to each course as shown in Figure 1 . Then the assignments, tests, projects, and other tasks were created to augment the introduction, development, and mastery of the program learning outcomes. At the end of each academic year, the lead faculty, with the help of instructional faculty members, assessed 20% of each program's learning outcomes. These included a review of course syllabus, student submittals, instructor review, and other testimonials. The results of the assessment process were uploaded into NU's Academic Management System (AMS). This was made available to all reviewing body within the university. The results of the PAR review were critically analyzed by the school's assessment committee, chair, dean, graduate council, and the university's assessment committee for accuracy and independent verification. The assessment recommendations Page 26.218.12
were implemented during the following academic term. Resources such as funds requested through budgeting process were given priority over others. multi-year assessment plan in Table 2 . In this case, not only on-ground classes, but also online classes were used for the assessment. A number of insights are gained through this assessment. These include information regarding students' achievement of learning outcomes, effectiveness of instructional methods, quality of instructing faculty, and deficiencies in areas such as text -books, laboratory equipment, and other facilities. The assessments done during each year is used to propose recommendations that are acted on during the following year. Details/Description: This indirect assessment was measured using student course assessment. In this, both the course cumulative student GPA along with assessment of teaching is reviewed. In addition, the student comments are reviewed for consistency.
Acceptable Target: Student assessment: 4 out of 5 with good student comments Course GPA -2.75-3.00
Ideal Target: Student assessment: 4.5 out of 5 with good student comments Course GPA -2.75-2.90
Summary of Findings: DEN 309 course assessed was one of the most difficult classes in the program. This is heavily math and computer oriented course. Math is one of the weakest subjects for our students. We have tried many approaches including assigning the best teachers for math oriented classes. I am streamlining the instructor assignments from the past practices. Only qualified instructors are given the difficult classes. In addition, we are assembling instructors based on subject specific expertise.
The assessment of instruction is less than desired. The student comments ranged from "poor instruction" to "too much work". The instructors for theses classes have been consulted and appropriate changes to the instruction along with text book are being made.
EGR 496 A and B courses capstone classes in BSDE major, these courses involve substantive projects that students demonstrate their learning in each major. These courses are in three month in duration. Typically, three to five students worked in teams doing research leading to preliminary development of the final product. During these courses, students work in teams of three to five and doing research leading to preliminary development of the final product. Course A focuses on developing the team project concept and completing it to an approximate 50 percent level. The subsequent B course focuses on completion of the project including methodology and analysis.
Evaluation of the project materials clearly indicated that a high degree comprehension. The project course evaluated by several faculty members revealed well executed project with high degree of comprehension of course materials. The students were able to present and answer questions related to the topic.
Results: Acceptable Target Achievement: Met; Ideal Target Achievement : Moving Away
Findings for Indirect assessment
Program Learning Outcomes
Program Outcomes
After completion of this program, graduates will be able to: There are several measures used including assignments, quizzes/exams, and projects to measure these skills. The quizzes and exams are marked based on right or wrong answers. For projects, the students are asked to integrate innovative and interdisciplinary skills by working as a team. This PLO is evaluated using the written and presentation part using a panel of experts. This process is same for the online as well as on site offerings of this program. substantive projects that students demonstrate their learning in each major. These courses are in three month in duration. Typically, three to five students worked in teams doing research leading to preliminary development of the final product. During these courses, students work in teams of three to five and doing research leading to preliminary development of the final product. Course A focuses on developing the team project concept and completing it to an approximate 50 percent level. The subsequent B course focuses on completion of the project including methodology and analysis. Final project submittal consists of all project deliverables including scope, design metthodology, drawings, product testing, and 100% project plans. Each team is required to make a presentation of their project and submission of a final report. The presentation is evaluated using the enclosed rubrics. Typically, the evaluation is done by faculty members. Students are asked to explain the work including rationale for their chosen work, methodology adopted and results. The following sections of the courses were evaluated:
Finding per Measure
• Although the goal is to maintain a GPA of 2.75, the higher GPA could be attributed to instructors who are easy graders as well as non-subject matter instructors. They are reminded constantly to increase rigor. In addition, most of the independent studies yield higher grades than that can be secured through a regular class. Independent studies are offered for small class sizes (usually less than 6) and to students who have missed regular classes. Independent studies are usually discouraged because the intent is to promote team-based learning.
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The BSDEN curriculum deals with methodologies related to the areas of design engineering, analysis, manufacturing process evaluation, and project management. Each course is evaluated through discussion questions responses (face to face class discussions), class participation (on-ground), assignments, projects, quizzes, as well as the midterm and final exams. Typically, 60% of the grades are based on individual performance whereas 40% are based on team -based performance. The quizzes and exam scores offer a good measure of the effectiveness of individual learning, whereas projects help measure the students' application skills. Typical assignments require the application of the concepts learned. In addition, students are given short projects on which they are required to work with other class members as a team. These tasks generate a lot of discussions among students. They also help elevate students' critical thinking and analytical skills. These are also part of the institutional learning outcomes. Students work together on team projects in every course in the program except a few. As a result, the students develop team skills and gain experience in completing projects in a team-based environment. 
Year Taught Total Classes

Summary and Recommendations
Based on multiple measures of effectiveness, the quality of the BSDEN program is good. capstone project sponsorships, and engaging in publications. Hence, the need for this situation to be corrected.
Project Help for Capstone Projects
Ideally, capstone projects should be real-world problems with industry sponsors. The BSDEN program has experienced only modest success in finding and enlisting sponsors for capstone projects, despite our links to the industry during the review period. Efforts to identify and enlist BSDEN program project sponsors need to be continued and increased. In addition, we need adjunct faculty who are willing to supervise capstone projects. Part of the problem is the lack of pay to adjunct faculty members who are willing to supervise projects. This situation must be corrected.
Integration of External Certifications
Although this program is currently designed to meet to ABET accreditation requirements, efforts must be made to accredit the program. As a first step, SME (Society of Manufacturing Engineers) certification for manufacturing technologists must be evaluated. This may require review assistance by an external reviewer. In addition, SME certification may help in achieving ABET accreditation.
Continuous Program Evaluation
The curriculum must be continually evaluated and associated course learning outcomes need to be continuously revised and improved to ensure that they are measurable and that they are being measured properly and consistently. Continuing efforts are required as the technology continues to advance. New course learning outcomes will need to be added to some courses. New courses such as innovation should be introduced. 
Need for Simulation and Other Laboratory Tools
The program requires simulation and other laboratory tools. In addition, an engineering technician (experienced in engineering field) is needed to develop lab experiments using this simulation.
The School of Engineering's mission has served as a reminder for instructors and administrators to focus on improving student success. The most rewarding achievement in the assessment process is to be able to close the loop on program improvement and resource allocation based on analyses of student outcome assessment. The school's
